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Temporal/Seasonal/Spatial Patterns
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Temporal Pattern: All Days of July 2003
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Significant day-to-
day variation.
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Spatial Pattern: July 21, 2003
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Substantial plant to plant 
variation within Tehachapi.
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2010X-ABC Duration Curves
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Hourly Statistical Analysis:

2010: Accelerated (X) and Tehachapi (T) Cases

Penetration Overview

(Results by Load Level, Divided into Ten Groups or Deciles)
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2010 Hourly Load Duration Curves
Load  Alone  vs.  Load – Wind - Solar
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~20% of hours with 
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~6% of hours for 

2010T.

All 3 load years (2002, 
2003, 2004) included
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Hourly Wind Penetration – 2006 & 2010
Wind Penetration = Average Wind MW / Average Load MW 
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Hourly Delta Statistical Analysis:

2010: Accelerated (X) and Tehachapi (T) Cases

(Results by Load Level)

- 1 hour and 3 hour variability

- Details for selected months
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1-Hour Delta (Hour-to-hour Change) Example: July 1, 2002
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Statistics Terminology

Statistical analysis provides maneuverability/flexibility requirements.

Changes in load  and net load (load minus wind minus solar) relate to three types of 
operating requirements:

1-hr Delta     Schedule flexibility
5-min Delta  Load Following capability/Economic Dispatch
1-min Delta  Regulation

3 times standard deviation (σ) is a proxy for maneuverability/flexibility requirements -
the vast majority (99.7%) of events fall within +/-3 σ (in a normal population)

Increase in 3σ is one measure of requirement for additional maneuverability/flexibility 
due to increased variability
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2010X 1-Hour Load and Load-Wind-Solar Deltas 
(Average +/- sigma, Minimum, Maximum)
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Hourly Statistical Analysis:

2010: Accelerated (X) and Tehachapi (T) Cases

(Results by Time-of-Day)

GE Energy     18

Hourly Wind and Solar Penetration – 2010X
Wind Penetration = Average Wind MW / Average Load MW
Solar Penetration = Average Solar MW / Average Load MW
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Hourly Statistical Analysis:

2010: Accelerated (X) and Tehachapi (T) Cases

Extremes of  1 hour and 3 hour variability
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Statistical Analysis:  Search for Extremes

• Detailed analysis of selected 3-hour periods exhibiting intermittent behavior

• Search for interesting behavior included:
– Large changes in load over 1 and 3 hour periods
– Periods of high wind and solar output
– Periods of high penetration of wind and solar
– Low load periods
– Large changes in wind and  solar over 1 and 3 hour periods
– Periods of high wind with low wind variability

• Specific 3-hour periods were selected from the top 20 of each category for
variety in:

– Year
– Time of year 
– Time of day
– Big changes driven by load, wind or solar
– Direction of changes (up and down)
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2010 Load Duration Curve
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2006 - 2010 Statistical Analysis:  
Total Variability
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Wind and Solar 
reduce the 

extreme 1-hour 
load rise.
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2006 - 2010 Statistical Analysis: Light Load (10th Decile) 
Variability
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Wind and Solar increase the 1-hour 
load delta by 347 MW (47%).

Pumped storage hydro contributes 
to light load variability
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CPS2 Discussion
• CPS2 is highly non-linear.

– a function of fast net load variability and
– the ability of regulation to respond

• 1 minute delta σ is one measure of the fast variability.
• Change in expectation of fast variability is one reasonable proxy for 

anticipated change in CPS2 if regulation strategy is held constant.
• Minimum CPS2 is 90%, but is usually higher (i.e., better)
• For 2010T, the increase in 1-min delta σ due to intermittent renewables is

1.6 MW/min (from 49.1 MW/min to 50.7 MW/min).
– 90% CPS2 would be expected to decline to 88.9%
– 95% CPS2 would be expected to decline to 94.2%

• For 2010X, the increase in is 2.5 MW/min (from 49.1 MW/min to 52.4 MW/min).
– 90% CPS2 would be expected to decline to 87.7%
– 95% CPS2 would be expected to decline to 93.3%

• Without additional regulation, CPS2 performance would be expected to 
decline ~1-2% due to the increase in fast variability.
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Statistical Analysis:  Hourly Forecast Errors

Variability of intermittent resources is reflected in delta statistics.

Uncertainty of intermittent resources is reflected in forecast error 
statistics.

Just as variability of intermittent resources is meaningful only in the 
context of existing load variability, so too, the uncertainty of
intermittent resources is only meaningful in the context of existing 
load forecast error.
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Statistical Analysis:  2020 Case
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2020-ABC Load-Wind Duration Curves
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2020 - Decile Penetration

0%

5%

10%

15%

20%

25%

1 2 3 4 5 6 7 8 9 10

Bin

M
W

Wind Penetration 

Solar Penetration

Wind penetration 
levels drop relative 

to 2010X case

2020 includes 
significantly more solar, 
so solar penetration is 

slightly higher 

Decile

A
ve

ra
ge

 P
en

et
ra

tio
n



GE Energy     43

2010X vs 2020 Statistical Analysis:  
Total Variability
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